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OBJECTIVES: 

*  To  conttibutt  vo  the  ftindamental  knowledge  and  technology  ha.se  for  improved  vacuum 
sounea  of  high  power»  eohercnt  millimeier^wave  eicctromagnelic  radiation. 

*  Focus  on  innovations  to  yield  higher  average  power  (up  to -10  kW)  in  wide* 
Instantaneous-bandwidth  (Af/f  2  20%)  Ka-band  (35  GHa)  amplifiers,  as  well  as  higher 
ave^^^wer  (up  to  -100  W)  in  W-band  (95  Ote)  tiavdlng-wave-tube  amplifiers 

*  Specific  Directives  include  research  on:  (1)  the  stable  fonnadon,  focusing,  and 
transport  of  high  perveance  electron  beams,  (3)  the  basic  ph^ies  of  gradng-lined 
waveguides  for  high-average-power  Ka-band  TWTAs,  and  (3)  the  dynamic-s  of 
muitiple-round-bcam  ari^s  as  an  alternative  electron  beam  configuration  for  higher- 
average-power  W-band  TwrAs. 


ACCOMPLISHMENTS/NEW  FINDINGS: 

A  number  of  important  accompUshmentt  have  been  realized  by  talring  a  fresh 
approach  to  the  traditional  desire  for  higher  average  power  at  cver-shorter  wavelengths  in 
compact  systems  based  on  existing  tecraiological  capabilities.  Specifically,  we  have 
focused  on  novel,  high-perveance.  electron  beam  configurations  (sheet  beam<i,  multi- 
beams,  periodic-perTnancnt-<)uadrupolc*magnet  or  PPQM  focused  round  beams)  and 
TWTA  interaction  structures  compatible  with  those  beam  configurations,  as  well  as  with 
high-average  power  devices. 


•  Research  results  establish  that  novel  periodic  magnetic  focusing  optics  offer  the 
opportunity  to  propagate  much  higher  beam  currents  than  previously  achievable  in 
Slow-wave  vacuum  microwave  devices.  Theory  and  simulations  e.stahlish  that  stable, 
cdgo-focuscd  tran^rt  of  linear  sheet  electron  beams  can  be  realized  with  periodicaUy- 
cusped  magnetic  (PCM)  focusing  for  very  high  current  density  beams  (>  200  A/cm^) 
even  at  low  beam  voltages  (10  kV)-l.e..  very  hl^  space-charge  beams.  Edge 
focusing  options  include  offsetting  the  fxiles  of  the  planar  PCM  array  or  using  periodic 
permanent  quadrupole  magnetic  (rPQM)  edw  focusing.  Both  options  provide  stable 
edge  focusing  wth  the  former  method  regulnng  fewer  mapei  pieces  and  the  latter 
method  providing  superior  beam  matching  capability.  An  entire  new  class  of  higher- 
ayerage-power  coherent  microwave  and  millimeter-wave  sources  can  be  based  on  this 
high-perveance  clcctron-bcam  technology.  Opportunities  include  both  HPM  as  well  as 
more  conventional  low-voltage  30  kV)  vacuum  microwave  devices.  Implementation 
Is  particularly  appropriate  for  linear  beam  devices,  including  BWOs,  TWT.s,  and 
klystron  and  free  electron  lasers.  Ilcncc,  applications  art  envisioned  for  EW,  ECM, 
high  resolution  tracking  radar,  remote  sensing  radar,  and  for  air- ,  sea- ,  space-  and 
land-based  systems.  Cost-effective  improvements  in  devices  for  commercial 
microwave  processing  of  materials  arc  also  envisioned. 

*  Several  new  sources  fur  sheet  electiun  beams  have  been  designed  and  numerically 
analyzed,  including  2  different  thermionic  electron  gun  designs  os  well  as  one  approach 
that  uses  magnetic  quadrupole  optics  for  converting  a  conventional  round  beam  into  a 
large-ospcct-ratio  elliptical  (i.e.,  sheet)  beam.  The  latter  method  has  several  attractive 
features:  (1)  by  varying  the  quadrupole  parameters,  one  can  su^tantially  vary  the 
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output  beam  chomteris^s  (making  this  an  ideal  souice  for  experimental  leaeaich 
eiions),  and  (2)  it  will  signiflcantly  extend  the  state-of-the'ait  understanding  of 
quadrupole  focusing  physics,  setting  the  stage  for  future  research  into  periodic 
quadrupole  focusing  of  intense  electron  beams  and  muld'beam  arrays.  Both  simulation 
and  experimental  results  with  a  10  kV,  2  A  electron  beam  confirm  the  feasibility  of  this 
approach.  ^ 

•  Round  beam  focusing  by  short  period  PP(5M  arrays  was  also  studied.  The  focusing 
force  tom  PPQM  arrays  can  be  an  order  of  magnitude  greater  than  that  of  conventional 
periodic  pennanent  mapei  (PPM)  arrays  for  beam  voluige*  tom  lft-40  kV.  Analytic 
and  numencal  studies  demonsvatc  the  potential  of  this  configuration  but  also  show  that 
beam  ripple  may  he  problematic.  Expenmental  measurements  are  in  good  qualitative 
agreement  with  the  predictions  of  envelope  and  PIC  code  simniarinnt 

•  We  have  developed  new  understanding  (theoretical  and  experimental)  of  the  relatively 
unexplored  aru  of  hybrid  doctromagnetic  waveguide  mow  dynamics,  including 
electromagnetic  dispersion  and  mode^oupling  p%8ic6  (important  for  efficient 
hunching  and  coupling  to  high-galn  slow-wave  hybrid  modes),  as  well  as  the 
interaction  physics  between  electron  beams  and  diesc  hybrid  waveguide  modes.  In 
particular,  this  knowledge  base  is  critical  to  designing  high-average-power-compatible 
^ling-based  TWTAs  for  use  with  sheet  electron  beams.  Theoretical  .ttudies  indicate 
that  high  gains  (e.g.,  up  to  6  dB/cra  at  14  GHz)  are  possible  with  these  modes  and 
structures. 

•  The  dispersive  properties  of  a  slow  wave  grating  system  have  been  measured  and 
compardi  with  the  theoretical  model  and  agree  well  for  the  shallow  groove  grating.  A 
creative  lab  setup  to  measure  the  wave  fields  and  dispersion  relation  using  a  moveable 
probe  and  coherent  mixing  was  used.  The  lowest  order  mode  in  the  backward  wave 
regime  and  higher  ordter  modes  were  measured  and  good  agreement  with  the  theoretical 
predictions  wer©  obtained.  For  the  deep  groove  grating,  skin  cRcct  losses  and  the 
wave  mismatch  in  the  taper  section  of  tne  grating  were  found  to  limit  efficient  coupling. 

•  The  spontaneous  emission  round  teat  beam  curve  for  the  shallow  groove  grating 
backw^  wave  mode  regime  was  obtained  and  is  in  good  agreement  with  theoretical 
predictions.  Next,  the  loop  coupled  multipass  small  signal  gain  for  the  backward  wave 
regime  with  reflMtors  was  obtained  at  14.2  GHz  in  the  Ku-band.  The  effect  of  beam 
spread  pn  the  gain  and  the  classic  doublet  shape  of  gain/loss  curve  arising  from  Landau 
damping  of  the  beam  as  the  beam  energy  is  scanned  about  the  resonant  beam  energy 
was  obtained.  It  was  found  that  dus  small  signal  gain  was  in  close  agreement  with  our 
theoretical  predictions  of  gain  and  the  analytic  prediciioat  of  the  theory  of  Grover  and 
Sprangle.  Energy  analyzer  measurements  found  that  the  beam  energy  spread  was  about 
4%  due  to  beam  optics  alignment  of  the  maraetic  flux  shield  located  in  Itont  of  the 
electron  gun.  This  research  has  been  described  In  the  Ph.  D.  thesis  of  J.  Joe  and  has 
been  submitted  to  the  Journal  Plasma  Physics  as  a  group  paper. 
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Universities,  National  Laboratories,  and  Industry.  A  particular  highlight  of  this  event 
wa<  a  .strong  focti*  on  Vacuum  Flectronics  and  High  Power  Micrc'vave  Generation. 
Pamcular  advantage  was  obtained  by  co-location  and  integration  with  the  1995  Annual 
Tri-Service  Vacuum  Electronics  Review.  Professor  John  Scharer  was  the  inference 
Chairman  and  Profe.«.*or  Boa«ke  served  on  the  Program  Comminee,  as  weU  as  local 
coordina^g  chair  for  Ae  Tri-Service  Vacuum  Electronics  Review.  Prof.  Booske  has 
been  retained  as  Technical  Area  Coordinator  for  all  Kficrowaves  Generation  and 
Microwave/Plasma  Interaction  papers  for  the  1997  and  1998  IEEE  International 
Conferences  on  Plasma  Science  (San  Diego,  (2A,  and  Raleigh,  NC,  respectively). 

In  addition,  the  following  Conference  papers/presematlons  were  made  during  or  in 
association  with  the  support  of  this  grant 


“Rectangular  Grating  Periodic  Slow  Wave  Structure  with  Sheet  Beam  for  Low- 
Voltage  Arapliflers,  Lazaar  J.  Louis.  John  E.  Scharer.  Mark  A.  Basien,  John  H. 
Booske,  Bulletin  of  the  American  Biysical  Society  41, 1367  (1996). 


“An  investigatiun  of  the  Applicability  of  Peimanent  Magnet  (^adrupole  Arrays  for 
High-Power  Microwave  Tubes,"  JJI.  Booske,  M.A,  Hasten,  L.J.  Louis,  J.  Joe, 


SENT  BY:UW-MADIS0N 


202  404  mv.U  e 


:  2-18-97  ;  16  UO  :COLL  OF  ENQR.  ADMIN- 


and  J.E.  Schafer,  IEEE  International  Conference  on  Plasma  Scbnce.  Boston  June 
3-S.  Record  96CH33939. 291  (1996). 

‘*Wave|uide  Coupled  Rectangular  Gradng  Periodic  Structure  for  Low- Voltage 
Amplifiers,'’  L.J.  Louis,  J.  Joe,  J.E.  Schaier.  J.H.  Booske.  and  M.A.  Hasten, 
IEEE  International  Conference  on  Plasma  Science,  Boston  June  3*5.  Record 
96CH33939.  291  (1996). 

“Formation  and  tran^Mt  of  Low- Voltage,  Space-Charge  Dominated  Sheet  Electron 
Beams  for  Hlgh*Power  Microwave  Devices,”  M.A.  Basten,  JJH.  Booske,  L.J. 
Louis,  J.  Joe  and  J.E.  Schainr,  lE^  International  Conference  on  Plasma  Scienc;;. 
Boston  June  3-5,  Record  96CH3S939. 290  (1996). 

‘Theoretical  and  Computational  Charactorization  of  Multi-Tone  Helix  Traveling 
Wave  Tuhe-s.”  M.H.  Bettenhauien.  J.E  Scharer,  J.H.  Booske.  and  C.M. 
Airostrong,  IEEE  International  Conference  on  Plasma  Science.  Boston  June  3-5. 
Record  9fCH3S939.  289  (1996). 

“Experimental  Studies  and  Analysis  of  Low-Voltoge,  Orating  TWT  Ampllflers  ” 
J.E.  Scharer,  J.H.  Booske,  J.  Joe,  L  Louis,  and  M.A.  Basten,  IEEE  International 
Conference  on  Plasma  Science.  Boston  June  3-5,  Record  233 

(1996). 

"High  Power,  Low  Voltage.  Mllllmeter-Wave  Orating  TWT  Amplifiers  with  High 
Perveance  Electron  Beams,"  J.H.  Booske,  J.E.  Scharer,  J.  Joe,  M.  Basten,  L, 
Louis,  M.  Bettenhau.sen,  Vacuum  Electronics  Annual  Review  Abstracts.  Monterey 
May  21-23,  vn-1  *  Vn-6  (1996). 

"Foimailon  and  transport  of  sheet  electron  beams  and  multibeara  configurations  for 
hig^h-power  microwave  devices,”  M.A.  Basten,  J.H.  Booske.  J.  Anderson,  J.E. 
Scharer,  Intense  Microwave  Pulses  III  Conference,  part  of  SPIE  1995  International 
Symposium  on  Optical  Science.  Engineering,  and  lastrumentation,  9- W  July.  San 
Diego.  CA  (1995). 

"Mode  Coupling  in  I>xp-Groovc  Grating-lined  waveguides  for  TWT  Amplifier 
Applications,”  J.  Joe,  J.E.  Scharer,  J.H.  Booske,  M.A.  Basten,  and  L.J.  Louis, 
37ch  Annual  Mtg..  Amer.  Phys.  Soc.-Division  of  Plasma  Physics,  Louisville,  KY, 
6-10  Nov.  (1995). 

'Experimental  Investigation  of  Magnetic  (^admpole  Formation  of  Sheet  Electron 
Beams  and  Transport  m  Periodic  Magnet  Anays,"  M.A.  Basten.  J.H.  Booske.  R. 
Thompson,  L.  Rauth,  C.  Harris,  and  J.E.  Scharer,  37ih  Annual  Mtg,,  Amcr. 
Phys.  Soc.-Divislon  of  Plasma  Physics.  Loui-sville,  KY.  6-10  Nov.  (1995). 

"Experimental  Investigation  of  Deep  Groove  Grating  Slow  Wave  Structure  for 
Microwave  Amplifier  Application.'’  J.  Joe.  J.E.  Scharer.  J.H.  Booske,  M.A. 
Basten,  and  L.J.  Louis,  International  Workshop  on  Crosscd-Picld  Devices,”  Ann 
Arbor.  MI,  Aug.  13-16  (1995). 

“Stable  Transport  and  Side-Focusing  of  Sheet  Electron  Beams  in  Periodically 
Cusped  Magnetic  Field  Configurations,"  Jim  Anderson,  Mark  A.  Ba.sten,  Un 
Rauth,  John  H.  Booske,  Jurionto  Joe  and  John  E.  Scharer,  IEEE  International 
Conference  on  Plasma  Science.  Madison  June  5-8,  Record  95rHr5?0<^  ^4 
(1995). 
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"Experimcntel  Studies  of  Low^ Voltage,  Grating  TWT  Amplifieia,'  J.  Joe.  M.A. 
Basten.  J.E.  Schaier,  J.H.  Booske,  and  K.  Wagner,  22nd  IP-RP-  Intemadon^ 
Conference  on  Plasma  Science,  June  5-8.  Madison,  ^  (1995). 

"Magnetic  Quadrupole  Formation  of  Low. Voltage  Sheet  Electron  Beams  for  High* 
Power  Microwave  Devices,"  M.A.  Basien,  J-Ku  Booske.  J.  Anderson.  J.  Joe.  and 

J. E  Scharer,  22nd  IEEE  International  Conference  on  Plasma  Science,  June  5'8. 
Madison.  WI  (1995). 

”Expe»mental  Studies  and  Sheet  Beam  IVansport  for  Low- Voltage,  Grating  TWT 
Airliners."  J.E.  Scharer.  J.H.  Booske.  J.  Joe.  M.A.  Basten,  J.  Anderson,  and 

K.  Wagner,  22ad  IEEE  IntcmadoDal  Conference  on  Plasma  l^ience,  June  5*8, 
Madiaon.WI{1995). 

"Formation  and  Transport  of  Sheet  Electron  Beams  and  Muld-Bcam 
Configurations,"  M.A.  Batten,  J.  Joe.  J.  Anderson,  J.H.  Booske,  and  J.E. 
Scharer,  36th  Annual  Mtg.,  Amer.  Phys.  Soc.-Division  of  Plasma  Physics, 
Minneapolis,  MN,  7*11  Nov.  (1994). 

"Initial  Experimental  Investigation  of  Low-Voltage,  Orating  TWT  Amplifiers,"  J. 
Joe,  M.A.  Basten,  J.E.  Scharer,  and  J.H.  Booske,  36A  Amual  Mtg.,  Amer. 

Phys.  Soc.-Division  of  Plasma  Physics.  Minneapolis.  MN.  7-11  Nov.  (1994). 

‘Cold  Test,  Spontaneous  Emission  and  Gain  in  a  Rectangular  Cerenkov 
Amplifier.*’  J.E.  Scharer,  J.  Joe,  J.H.  Booske,  M.  Basien,  and  H.  Kirolous.  IEEE 
International  Conference  on  Plasma  Science,  Sanu  Fe  June  6-8,  Record 
94CH3465-2  183  (1994). 

"Formation  and  Transport  of  PCM-Focuscd  Sheet  Electron  Beams,”  M.S.  Basten, 
J.H.  Booske.  J.  Anderson.  J.E.  Schaier.  IEEE  International  Conference  on  Plasma 
Science,  Santa  Fe  June  6-8,  Record  94CH3465-2  185  (1994). 

“Sheet  Beam  Sluw-Wavc  Amplifiers."  H.  Kirolous.  J.  Joe.  M.A.  Basten.  J.H. 
Booske,  J.H.  Scharer,  J.  Anderson,  R.  True,  0.  Scheitrum,  IEEE  International 
Conference  on  Plasma  .Science,  .Santa  Fe  Jur«  6-8,  Record  228 

(1994). 

‘Low  Voltage  Cerenkov  Amplifiers  with  Periodically  Foaised  Sheet  Electron 
Beams."  J.  H.  Booske,  J.  E.  Scharer,  M.  A.  Basten,  J.  Joe,  H.  Kiiuluus,  R.  True 
and  G.  Scheitrum,  Monterey  Tube  Conference,  Monterey,  CA.  May  10-12  (1994), 
Published  in  Conference  Proceedings. 

"Low-Voltage,  Compact  Sheet  Beam  Millimeter-Wave  Cerenkov  Amplifiers,"  J.  H. 
Booske.  J.  E.  Scharer,  M.  Basten.  J.  Joe.  A.  H.  Kumbasar.  B.  D.  MeVey,  and  R. 
True,  Vacuum  Electronics  Annual  Review  Meeting,  Ciystal  City,  VA,  June  29-July 
1  (1993). 

“Finite  Length  Effects  and  Bandwidth  in  a  Rectangular  Cerenkov  Amplifier,” 

J.  Joe,  J.  E.  Scharer.  J.  H.  Booske.  M.  Basien.  Bull.  Am.  Phys.  Soc.  i&.  19.39 
(1993). 

“Nonreladvistic  Sheet  Electron  Beams  for  Mlcrowtivc  Devices,"  J.  H.  Booske,  M. 
A.  Basten,  J.  Joe,  A.  H.  Kimbasar,  J.  E.  Scharer,  J.  Anderson,  UW-Modison,  B, 
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D.  McVey,  LANL,  R.  True,  G.  Scheitrura,  Litton,  Bull,  Am.  Phys.  Soc.  3S,  1938 


'Experimental  Investigation  of  a  Cerenkov  Amplifier  Utilizing  a  Sheet  Electron 
Beam,”  M.  A.  Baaten.  J.  Joe,  A.  H.  Kimbasar,  J.  H-  Booake,  J.  E.  Scharcr,  H. 
Klrolous,  UW-Madlson,  B.  D.  McVey,  LANL.  R.  True,  O.  Scheitnim,  Litton 
BuU.  Am,  Phys.  Soc.  2fi.  1939  (1993). 

“Cold  Test  and  Spontaneous  Emission  in  a  Rectangular  Cerenkov  Amplifier,”  J.  E. 
Scharer,  J.  Joe,  J.  H.  Booske,  M.  Basten,  and  H.  Klrolous,  Bull.  Am.  Phys.  Soc. 
M.  1939  (1993).  ' 

“Analysis  and  Preliminary  Experiments  for  Rectangular  Orating  Cerenkov 
Masers."  J.  E.  Scharer,  J.  Joe,  J.  R  Booske.  M.  Basten  and  B.  D.  McVey,  IEEE 
Plasma  Conference,  Vancouver,  BC  (1993). 

"Experimental  Invesiig^OT  of  a  Cerenkov  Grating  Amplifier  for  Implementation 
with  a  Sheet  Electron  Beam,"  M.  A.  Basten,  J.  Joe,  A.  H.  Kimbasar,  J.  H. 

Booske,  J.  E.  Scharer  and  B,  D.  McVey,  IEEE  Plasma  Conference,  Vancouver. 

BC  (1993). 

“Sheet  Electron  Beam  Confinement  for  Rectangular  Cross-Section  Cerenkov 
Anmlificrs,”  J.  H.  Booske,  B.  D.  McVey,  J.  Joe,  J.  E.  Scharer,  M.  Basten,  and  A. 
H.  Rumbasar,  IEEE  Plasma  Conference,  Vancouver,  BC  (19^). 

“Analysis  of  a  Rectangular  Grating  Cerenkov  Maser,"  J.  Joe.  J.  E.  Scharcr,  J.  R 
Booske,  B.  D.  McVey  and  M.  Basten,  IEEE  Plasma  Conference,  Vancouver,  BC 
(1993). 

“Periodic  Cusped  Magnet  Focusing  of  Sheet  Electron  Beams,"  J.H.  Booske,  B.D. 
McVey.  J.  Anderson,  J.  Joe,  J.E.  Scharer,  T.M.  Antonsen,  Jr.,  Bull.  Am  Phys 
Soc.  2L  1462  (1992). 

"Analysis  of  a  Rectangular  Orating  Cerenkov  Amplifier,"  B.  McVey.  J.  Joe,  J. 
Scharer,  J.  Booske,  Bull.  Am.  Phys.  Soc.  32. 1514  (1992). 

"L<jw-voluigc  Cerenkov  Amplifiers  with  Rectangular  Cross-Section."  J.  Joe,  J.R 
Booske,  B.D.  McVey,  J.E.  Seharcr,  M.  Yaklich,  J.  Anderson,  Bull.  Am.  Phys, 
Soc.  21  ISIS  (1992).  ^ 

‘'Iheoretical  and  Experimental  Progress  in  Dielectric  end  Orating  Cerenkov  Masers 
with  Pencil  or  Sheet  Beams,"  J.  Booske.  J.E.  Scharer,  B.D.  McVey,  J.  Joe.  and 
S.F.  Change,  IEEE  Plasma  Conference,  Tampa,  FL,  June  (1992). 

'Theoretical  and  Experimental  Progress  in  Dielectric  and  Grating  Cerenkov  Masers 
with  Pencil  or  Sheet  Electron  Beams,"  S.F.  Chang,  J.  Joe,  J.  Boodee,  and  J,E. 
Scharer,  Bull.  Am.  Phys.  Soc.  2fi.  2340.  Tampa,  PL  (1991). 

“Experiments  and  Analysis  of  Wove  Absorption  ond  Backscattering  in  Plasmas," 
J.E.  Scharer.  O.C.  Eldndge.  S.F.  Chang.  Y.S.  Zhang,  M.H.  Bettenhausen,  J. 

Joe,  and  N.T.  Lam,  BuU.  Am.  Phys.  Soc.  2fi.  2340  (1991)  Tampa,  FL. 
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l^ratiflg  And  Dielectric  Cerenkov  PEL  Own  and  Dispersion  Analysis/’  J.  Joe,  S.R 
pang,  IE.  Scharer,  and  J.  Booske,  IEEE  Plasma  Conference,  Williamsburg.  VA, 
June  (1991). 

"Low-Voliagc  MUlimeter-Wave  Cerenkov  Soutoe  Research,"  J.H.  Booakc,  J.E, 
Scharer.  J.  Joe  and  S.P.  Chang.  APS  35, 2146,  Cincinnati.  OH  (1990). 

"The  Gratis  Cerenkov  PEL  Oain  Analysis  and  a  Design  Comparison  with  the 
Dielectric  Cerenkov  PEL."  J.  Joe.  S.P.  Chang.  J.E.  Scharer,  and  J.  Booske,  APS 
35, 2145,  Cincinnati,  OH  (1990). 

*An  Optimization  Analysis  for  a  Dielectric  Cerenkov  Maser  with  Low  Beam 
Voltage,"  S.F.  Chang  and  J,B.  Scharer,  APS  35, 2145  (1990),  Cincinnati,  OH. 

"An  Optimization  Analysis  for  a  Dielectric  Cerenkov  Maser  with  Low  Bpam 
Voltage."  S.F.  Chang  and  J.E.  Scharer,  APS  35, 2145  (1990),  Cincinnati,  OH. 

“An  EfGcient  Method  for  Inclusion  of  Space-charge  Forces  in  the  PIANO  3D 
Multimode  .Simulation  Code,"  J.E.  Scharer  and  SJF.  Chang,  APS  35, 2146 
(1990),  Cincinnati,  OH. 


b)  Consultative/advisoty  functions  to  otiicr  laboratories  and  agenciesi 

No  formal  such  functions  were  conducted  in  matters  related  to  this  grant  during  the 
time  of  the  grant. 

c)  llransitions; 

Both  Northrop-Gmmman  and  Litton  Electron  Devices  (San  Carlos,  CA)  hav©  bfm 
oollaboreting  in  our  research,  with  expectations  of  implementing  forthcoming  research 
ie.sults  into  commercial  technology.  In  particular,  Litmn  has  developed  two  strip  (sheet) 
electron  beam  thermionic  gun  derigns  for  use  in  possible  future  microwave  hibes.  The 
individual  associated  widi  this  technology  development  is  Dr,  Richard  True.  An  imponani, 
long-term  collaborative  relationslup  has  been  established  with  Northrop-Grumman  (Rolling 
Meadows,  IL)  Corporation.  This  actlviw  is  being  coordinated  with  Dr.  Carter  Armstrong. 
Several  industrial  research  grants  have  already  bwn  made  by  Nunhiup-Gnunisan  to  our 
in.ttitution  to  supplement  our  work  in  this  area.  One  of  our  former  Ph.D.  students,  Dr. 
Mark  Basten,  has  joined  Nonhrop-Gnmman  as  a  scientijtt  and  engineer.  The  taowledge 
base  he  acquired  r^ated  to  our  innovative  work  is  expected  to  find  its  way  into  various 
lechnologica]  ventures  at  Northrop^wmman  throu^  Dr.  Basten’s  contributions  on 
current  and  future  vacuum  electronic  sysicma  development  projects.  Another  of  our  prior 
undergraduate  students  (supported  in  part  by  this  grant)  is  oko  being  actively  recruited  for 
hire  in  (he  vacuum  elecironics  Industry. 


New  discoveries,  inventions,  or  patent  disclosures 

None  filed. 
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Honors/Awards  since  the  beginning  of  this  grant  (October  i, 

1991); 

Professor  Buoske  his  received  several  Academic  awards  or  honors: 

IJW  Chancellor’s  Distinguished  Teaching  Award  (1995) 

Elected  Fellow  of  the  University  of  Wiaconsin-Modison  Teaching  Academy  (1994) 

Co-winner  (with  underer^uate  Jim  Anderson)  of  UW-H:  Jdale  Faculty-Undergraduate 
Research  Fellowship  (1994)  for  work  on  "Stabilizinc  an  ElHptical  Sheet  Electron  Beam 
Using  an  Open  Conflgontlon  of  Periodic  Magneu" 

Awarded  Early  Tenure  and  Promotion  (to  Associate  Professor)  in  1994  (anything 
sooner  than  6  years  is  considered  *eaily*'...Professor  Booske  was  selected  after  4  years 
at  Madison). 

ECE  Holdridge  Teaching  Excelkncc  Award  (1994) 

Elected  to  Senior  Membership.  IEEE  (1993) 

Elected  Honorary  Member  of  Kappa  Eu  Kappa  EE  Fraternity  (UW-Madison  chapter, 
UW-Madison  IEEE  Professor  of  the  Year  (91-92) 

U.  Wisconsin-Madison  Wisconsin  Student  Association's  "Top  100"  Educator  Award 
(1991) 


